Operational scenarios for the International Thermonuclear Experimental Reactor (ITER) steady-state and technology testing phases are identified by tradeoffs among wall load, burn time, and divertor heat loads. Steady-state operation with Q 2 5 is limited to wall loads 20.5 MW/ma and injection powers 2100 MW. Even at steady-state wall loads of 0.5 MW/mz, the divertor heat loads are higher than predicted for the physics phase. For technology testing, hybrid operation (with simultaneous inductive and noninductive current drive) results in a wall load of 0.8 MW/ma, with injection power of about 100 MW, and a burn time of about 1200 s, with a divertor heat load similar to that of the physics phase. Significant uncertainty exists in our present understanding of the divertor conditions. Should conditions prove to be more favorable than assumed here, the operational windows would open considerably. For factor of 253 reductions in predicted divertor loads, we show potential steady-state cases at wall loads of 0.8 MW/ma, injection powers of about 130 MW, and Q near 7. With factors of ~1 . 5 -2 . 5 reduction in the predicted divertor loads, hybrid technology testing could be accomplished with wall loads of 0.8 MW/mz, burn times of 1-3 h, and injection powers of 100-150 MW.
INTRODUCTION
The goals of ITER' are (1) the study of ignited plasmas, (2) the study of the potential of steady-state operation, and (3) testing of the technology issues of tokamak operation with an integrated fluence of at least 1 (MW.y)/mz. The basic device configuration WM arrived at by primarily considering the first of these tasks (the physics phase operation). Here we identify operating scenarios for this ITER device to accomplish the other two objectives, steady-state operation and technology testing (or technology phase operation).
Although the divertor heat load limitations for the ignited p h u e are severe, those for the long-pulse conditions of the technology phase are worse because of the additional current drive power. This limits ITER'S capability to use steady-state operation for technology testing. The strategy, then, ir to test the feasibility of obtaining acceptable divertor conditions with steadystate operation during the physics phase with relatively low fluence operation and with initial wall loadings much less than the nominal requirements for technology testing (~0 . 5 MW/ma instead of 1 MW/m2). If our divertor predictions are incorrect owing to physics uncertainties and the divertor works well, operation with higher wall loadings will be tested. If divertor operation with a wall load near 1 MW/ma is satisfactory, steadystate operation during the technology testing phase will be possible. Otherwise, we will use a "hybrid" scenario, which allows high-density operation and acceptable divertor conditions with use of partial noninductive current drive for the technology phase.
MODEL
The analysis presented here uses the TETRAa systems code. The primary constraints employed are physics limits, following the rules outlined in ref. 
RESULTS

Steady-S tate Operation
The physics phase of ITER will consist of a study of ignited plasmas and a study of plasmas with noninductive current drive, with steady-state operation as The divertor heat load predictions are subject to considerable uncertainty. For example, variations of the perpendicular diffusivity, x, of 1 mz/s < x < 4 m2/s, result in changes that are greater than a factor of 2 in the divertor heat loads. If the divertor conditions prove to be less severe than currently assumed, steady-state Case c in Table I shows operating conditions that produce the minimum divertor heat load for a 0.8-MW/m2 neutron wall load. If the divertor conditions are credible for this case, then technology phase testing could be achieved with steady-state operation. Otherwise, technology testing can be accommodated with a hybrid current drive scenario, as described in the next section.
Hybrid Technology Phase Testing
Using a hybrid combination of inductive and noninductive current drive mechanisms offers an alternative method of achieving the high-I' (>0.8 MW/m'), long-pulse (>lo00 s) scenarios needed for technology phase testing. Figure 2(a) shows the minimum divertor heat load vs plasma density for hybrid operation at 0.8 MW/ma, with 15% of the current driven noninductively. Figure 2 in the high-density range (ne = 1.5 x lo1' m-3), where the heat load is smallest and the divertor plasma temperature is minimized. At this extreme, the divertor heat loads are similar to those expected in the physics phase.
Also indicated in Fig. 2 are cases of minimum divertor heat load for purely inductive current drive cases. These represent a lower boundary on the divertor heat load but have lower burn times. Case b in Table I1 at ne = 1.2 x 1 0 ' ' m-' has a neutron wall load of about 0.9 MW/ml and a burn time of ~5 0 0 s, with divertor conditions slightly less severe than those for case a.
Attractive hybrid technology phase testing scenarios exist 'for higher noninductive current drive fractions (fcd) if the divertor conditions are less severe than predicted here. Figure 3 shows parameters for minimuminjection-power scenarios with I? = 0.8 MW/m2, for fcd = 0.3 and 0.5. These higher noninductive current fractions offer more plasma current profile control and longer burn times than cases a and b of Table 11. As indicated in Fig. 3(a) , there is no reduction in the divertor heat load at high densities, and strong injection power penalties are incurred at higher densities [ Fig. 3(b) ]. Therefore, we choose lower-density 
Altered Device Configuration
The technology phase operational scenarios all tend to have lower plasma current than the physics phase. This is accomplished by allowing the safety factor q to increase. Alternatively, the current could be decreased by reducing the elongation and/or the minor radius. To this end, studies were done of technology phase operation that allowed the minor radius to vary. These studies kept the inboard plasma point (R -a) fixed but allowed the minor radius to decrease (implying a retrofit of the outboard blanket). Technology testing scenarios with wall loads and burn times comparable to those previously identified and with reduced divertor heat loads (20-30%) are possible when the major radius is allowed to vary. To realize these types of divertor heat load reductions, significant configurational changes are needed (5.0 m < R < 5.5 m). Also, the predicted divertor temperature does not decrease with these changes in configuration. In view of the uncertainties in the divertor modeling and the large expense associated with an outboard blanket and divertor retrofit, these approaches were not adopted as the mainline options. This conclusion is similar to one reached in previous studies.'
SUMMARY
Operational scenarios are identified for the steadystate and technology testing phases of ITER. These scenarios are heavily influenced by divertor heat load concerns, which are more severe in these phases as compared with the initial physics phase operation. The strategy is to begin steady-state testing in the physics phase at low r (around 0.5 MW/ma instead of 1 MW/ma). This is the lowest wall load possible for achieving a Q of 5 . If the divertor conditions are much less severe than expected, it may be possible to pursue the technology testing program with steady-state operation at higher wall loads (0.8 MW/mz). Otherwise, a hybrid scenario with a mix of inductive and noninductive current drive can be used for technology testing with fairly long-pulse (1200-s) operation at 0.8 MW/m2, with about 100 MW of injection power. With only moderate improvement of the divertor conditions, hybrid scenarios that provide 1-to 3-h pulse lengths at 0.8 MW/m2, with injection powers of 100-150 MW, could be used.
